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Abstract: Gastric cancer (GC) is one of the most common malignant tumors worldwide and has high rates of mor-
bidity and mortality. This study investigated the role of Krüppel-like factor 16 (KLF16) in GC. Real-time polymerase 
chain reaction, Western blotting, and immunohistochemistry were used to examine the expression of KLF16 in gas-
tric cells and tissues. Gene overexpression and silencing were applied to study the involvement of KLF16 in GC cell 
growth and metastasis along with its underlying mechanism. The results indicate that KLF16 overexpression is sig-
nificantly associated with nodal status, distant metastasis, staging, degree of differentiation, vascular invasion, and 
patient survival. Multivariate Cox proportional hazards regression model analysis revealed that the overexpression 
of KLF16 is an independent prognostic biomarker of GC. The in vitro study revealed that up-regulated KLF16 accel-
erates cell growth and metastasis, whereas the inhibition of KLF16 suppresses these cellular activities. The results 
of an animal study also indicated that the overexpression and silencing of KLF16 accelerate and repress xenograft 
proliferation and metastasis. Further studies of affected cell growth and metastasis revealed that KLF16 modulates 
the cell cycle and epithelial-mesenchymal transition through transcriptional regulation of microfibrillar-associated 
protein 5. Collectively, these results reveal that KLF16 overexpression is a potential prognostic biomarker and thera-
peutic target for the treatment of GC.
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Introduction

Gastric cancer (GC) remains a prevalent cancer 
worldwide [1]. Because the underlying patho-
genic mechanisms of GC remain illusive, and 
few targeted drugs have been developed, the 
treatment of patients with GC remains an 
extremely challenging task in clinical practice 
[2, 3]. Technical advances facilitate the identifi-
cation of aberrantly expressed molecules as 
novel biomarkers [4-9].

Krüppel-like factors (KLFs) are transcription 
factors that control essential cellular events 
[10]. Furthermore, prominent oncogenic func-
tions are defined for various KLFs [10-13]. The 
function of KLF16 in cancer currently remains 
predominantly unclear and controversial. The 
facilitation of cell proliferation through the 
silencing of KLF16 in glioma cells suggests that 
KLF16 is a tumor suppressor [14]. By contrast, 
a study conducted in GC suggested an onco-
genic role of KLF16 [15]. More studies are 
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required to understand the function of KLF16 
in cancer. Research related to the prognostic 
value of KLFs is limited [16-18]. Marrero-
Rodríguez and his colleagues demonstrated 
that KLF5 mRNA overexpression represented a 
prognostic marker for cervical cancer [19]. Only 
one study recognized the prognostic signifi-
cance of KLF16 in human cancers, using uni-
variate analysis to show that the overexpres-
sion of KLF16 could serve as a predictor of poor 
survival among patients with GC [15].

Numerous cellular functions associated with 
tumorigenesis are modulated by Notch signal-
ing, including apoptosis, cell proliferation and 
epithelial-mesenchymal transition (EMT) [20]. 
The Notch intracellular domain (NICD) and pre-
senilin-1, the catalytic subunit of γ-secretase, 
mediate Notch signaling [21]. Microfibrillar-
associated protein 5 (MFAP5) was found to be 
a Notch ligand that could activate the Notch 
pathway [22]. The up-regulation of MFAP5 has 
already been noted in several cancers, includ-
ing breast cancer and cervical cancer [23, 24]. 
So far, the MFAP5 level in GC remains unclear 
and requires further examination. Establishing 
whether MFAP5 is a target gene of KLF16 in GC 
cells would also improve understanding of how 
the overexpression of KLF16 can promote GC 
carcinogenesis.

In this paper, we examine the KLF16 level in GC 
and analyze the correlations of KLF16 with clin-
icopathologic features and patient survival. We 
also study the effect of KLF16 manipulation on 
cell growth, cell cycle progression, cell migra-
tion and invasion, xenograft proliferation and 
peritoneal metastasis. The mechanism of 
tumorigenicity involving KLF16 is also inve- 
stigated.

Materials and methods

Cell culture

The human normal gastric cell line Hs738.St/
Int (provided by the American Type Culture 
Collection; Manassas, VA, USA) was cultured in 
DMEM. GC cell line AGS (provided by the 
Bioresource Collection and Research Center; 
Hsinchu, Taiwan) was grown in F-12K. GC cell 
lines, including NCI-N87, TMC-1, TSGH 9201 
(provided by the Bioresource Collection and 
Research Center; Hsinchu, Taiwan), SK-GT-2 
(provided by the European Collection of Cell 

Cultures; Salisbury, UK), and 23132/87 (pro-
vided by Creative Bioarray; Shirley, NY, USA), 
were maintained in RPMI-1640. GC cell line 
HGC-27 (provided by the European Collection 
of Cell Cultures; Salisbury, UK) was cultured in 
MEM. All media were supplemented with 10% 
fetal bovine serum and antibiotics. All cell lines 
were authenticated by cell providers. We also 
checked the ICLAC database to ensure that all 
cell lines were not misidentified.

Patients and tissue specimens

For this study, gastric tissue specimens were 
collected from 142 patients with GC who under-
went surgical resection at Taipei Medical 
University Wan Fang Hospital between 1998 
and 2011 (Table 1). A retrospective power anal-
ysis was conducted to determine the associa-
tion of KLF16 level with disease-free and over-
all survival. This analysis showed that the study 
had approximately 99% power to detect a sig-
nificant difference (effect size = 0.54) from the 
observed data, assuming a significance level of 
α = 5%. This study was conducted in accor-
dance with the Helsinki declaration and was 
approved by the Institutional Review Board of 
Taipei Medical University Wan Fang Hospital 
(Approval No. 99049), and each patient provid-
ed written informed consent in advance.

Antibodies

Antibodies against KLF16 and Ki67 were pur-
chased from Novus (Centennial, CO, USA). 
Those against cyclin B, cyclin E, CDK1, CDK2, 
E-cadherin, and Slug were obtained from Arigo 
(Hsinchu, Taiwan). The antibodies against 
β-catenin, AKT and phosphor-AKT were pur-
chased from Thermo (Waltham, MA, USA), and 
that against N-cadherin was purchased from 
BD (San Jose, CA, USA). The antibody against 
MFAP5 was obtained from LifeSpan (Seattle, 
WA, USA), those against PI3K, NICD and prese-
nilin-1 were purchased from Cell Signaling 
(Danvers, MA, USA), and that against β-actin 
was purchased from Sigma (St. Louis, MO, 
USA).

RNA extraction

Total RNA from gastric cells was extracted 
using TRIzol reagent according to the manufac-
turer’s protocol (Sigma). After chloroform sepa-
ration, the aqueous phase was collected, and 
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RNA was precipitated by adding ice-cold isopro-
panol. After washing once with 75% ethanol, 
the pellets were air-dried to determine the RNA 
concentrations.

Quantitative polymerase chain reaction analy-
sis

cDNA was synthesized from total RNA using a 
QuantiTect Reverse Transcription Kit (Qiagen, 
Valencia, CA, USA) following the instructions of 
the manufacturer. Total RNA was mixed with 
Genomic DNA Wipeout Buffer and incubated at 
42°C for 2 minutes. Quantiscript RT Buffer, RT 
Primer Mix, and Quantiscript Reverse Transcrip- 
tase were added and incubated at 42°C for an 
additional 30 minutes. Primers for KLF16 and 
GAPDH, which was used as an internal control, 
and quantitative polymerase chain reaction 
master mix were purchased from Sigma. The 
expression levels of the target genes were mea-
sured using quantitative PCR in an Illumina Eco 
Quantitative PCR System (Illumina, San Diego, 
CA, USA). The threshold cycle (Ct) is the frac-
tional cycle number at which the fluorescence 
generated by cleavage of the probe exceeds a 
fixed level above the baseline. For a chosen 
threshold, a smaller starting copy number 
results in a higher Ct value. The level of KLF16 
mRNA in cells was standardized against the 
amount of GAPDH mRNA and was expressed as 
ΔCtumor or ΔCnon-tumor = Ct (KLF16)-Ct (GAPDH).

RNA library preparation

Library preparation was performed with the 
NEBNext® Ultra™ Directional RNA Library Prep 
Kit for Illumina (NEW ENGLAND BioLabs, Cat.: 
#E7420). In brief, RNA was fragmented via heat 
and divalent metal cation method after poly-A 

selected by NEBNext® Poly(A) mRNA Magnetic 
Isolation Module Kit (NEW ENGLAND BioLabs). 
Then the fragmented RNA was synthesized first 
strand cDNA by adding random primers to prim-
ing first. Then it proceeded to second strand 
(double-stranded) cDNA synthesis. The end 
repaired double-stranded cDNA library was 
ligated to the adaptors with the cut site of the 
USER enzyme. The library is then ready for 
amplification and size-selection by Purification 
Module with Agencourt AMPure XP Beads 
(Beckman coulter, Cat.: #A63881). The quali-
fied libraries were analyzed by FRAGMENT 
ANALYZER™ Automated CE System (Advanced 
Analytical Technologies, Inc) and quantified by 
Qubit Fluorometer (Thermo). The libraries were 
sequenced with Illumina sequencing platform 
following the manufacturer’s instruction.

Bioinformatics analysis

This pipeline was developed under Linux 
CentOS 6.6 environment. First, the reads short-
er than 25 bps generally with low quality scores 
were also removed from the set. Second, the 
reads belong to rRNA were identified. After 
completing above preprocessing steps, the 
sequencing quality report was produced  
by using FastQC (http://www.bioinformatics.
babraham.ac.uk/projects/fastqc). The subse-
quent sequence reads were aligned onto the 
reference sequence of the human genome 
using the TopHat2 splice-junction mapper and 
calculated expression value (Fragments Per 
Kilobase of exon per Million fragments mapped, 
FPKM = total fragments/mapped reads (M)* 
exon length (KB)) of each gene at either gene or 
isoform level. For differential expression analy-
sis, we used Cuffdiff, an algorithm that robustly 

Table 1. Demographic data and survival in different stages of GC according to the AJCC classification
Stage I
(n = 25)

Stage II
(n = 37)

Stage III
(n = 66)

Stage IV
(n = 14)

Total
(n = 142)

Gender
    Male 15 25 46 10 96
    Female 10 12 20 4 46
Age (years)* 67.6 (12.7) 75.2 (10.3) 69.4 (13.3) 56.8 (14.8) 69.4 (13.5)
Follow-up period (months)* 44.5 (32.7) 31.5 (21.7) 27.1 (27.6) 13.3 (9.7) 29.9 (27.0)
Survival
    Yes 16 18 14 2 50
    No 9 19 52 12 92
*Age and follow-up period are mean (SD).
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estimates expression at transcript-level resolu-
tion and controls for variability evident across 
replicate (if present) libraries to identify differ-
ential expressed genes between scrambled 
and KLF16-knockdown HGC-27 cells.

Protein extraction and Western blotting

Total cell and tissue lysates were extracted 
with RIPA Buffer (Thermo). Denatured protein 
samples were subjected to 10% SDS-PAGE  
and transferred to nitrocellulose membranes. 
Blocked blots were incubated at 4°C overnight 
with primary antibodies. β-Actin was used as 
an internal control for equal protein loading. 
After incubation with secondary antibodies 
conjugated with peroxidase (Sigma), enhanced 
chemiluminescence reagents (Thermo) were 
used to visualize the targeted proteins. Image 
processing was performed using GeneTools 
software (Syngene, Cambridge, UK).

Immunohistochemistry

Paraffin-embedded sections were stained with 
primary antibodies at 4°C overnight. A stan-
dard peroxidase-conjugated streptavidin-biotin 
method was used to detect the immunoreactiv-
ity (Dako REAL EnVision Detection System; 
Dako, Carpinteria, CA, USA). Human small 
intestine was used as a positive control for 
KLF16. The negative control consisted of the 
omission of the primary antibody and incuba-
tion with 1× phosphate buffer saline (Corning). 
Images were acquired with BX51 microscope 
(Olympus, Tokyo, Japan). KLF16 immunoreac-
tivity was assessed semiquantitatively and 
scored as follows: 0, no staining; 1, weak and 
focal staining in < 25% of the tissue; 2, moder-
ate staining in 25%-50% of the tissue; and 3, 
strong staining in > 50% of the tissue. Sections 
with a score of 0 or 1 exhibited low expression 
of KLF16, and those with a score of 2 or 3 were 
defined as exhibiting high expression or overex-
pression of KLF16. Clinical data collection and 
immunohistochemical analysis were indepen-
dently performed in an investigator-blinded 
study.

shRNA treatment

For shRNA treatment, HGC-27 cells were infect-
ed with lentiviral vectors (two KLF16-shRNA 
constructs, clone IDs: TRCN0000020004, 
TRCN0000020007, and one control, clone ID: 

pLKO_TRC025, purchased from the National 
RNAi Core Facility, Taipei, Taiwan) and stable 
clones resistant to puromycin (Thermo) were 
selected. KLF16-overexpressing AGS cells were 
infected with lentiviral vectors (two MFAP5-
shRNA constructs, clone IDs: TRCN0000152- 
652, TRCN0000153916, and one control, 
clone ID: pLKO_TRC025) and stable clones 
resistant to puromycin were selected. Western 
blotting was performed to evaluate the effects 
of shRNA treatment.

Transfection

AGS cells were transfected with Human KLF16 
cDNA open reading frame and empty vectors 
(OriGene, Rockville, MD, USA) and stable clones 
resistant to G418 (Sigma) were selected. 
Western blotting was performed to evaluate 
the efficiency of transfection.

Colony formation assay

Five hundred cells were seeded into 6-well 
plates and cultured for 12 days. Individual colo-
nies (> 50 cells/colony) were fixed, stained 
using a solution of 1% crystal violet in metha-
nol, and counted. The plates were scanned with 
Scanjet 2200c scanner (HP, Palo Alto, CA, USA). 
After scanning, methanol was added, and the 
plates were shaken at room temperature to 
solubilize the crystal violet. The optical density 
(OD540) was measured to quantify the number 
of colony formed. The assay was conducted 
three 3 times, and the results were presented 
as the mean ± SD.

Cell cycle analysis

The cellular DNA content was determined by 
cell cycle analysis of propidium iodide-labeled 
cells, as described in our previous study [25].

Wound-healing assay

For the wound-healing assay, cells (5×105) were 
seeded into a 12-well culture dish and grown to 
a nearly confluent monolayer. The monolayers 
were carefully scratched using a 200 μL pipette 
tip. Cellular debris was removed by washing 
with 1× phosphate buffer saline, and the cells 
were then incubated for 18 hours. The cultures 
were photographed (100× magnification, with 
Leica DMIRB microscope, Leica, Wetzlar, 
Germany) at 0 and 18 hours to monitor the 
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migration of cells to the wounded area, and the 
number of migrated cells was quantified using 
Image J software. The percentage of cell migra-
tion was calculated by defining the number of 
migrated wild type cells as 100%. All experi-
ments were performed in triplicate, and the 
results were presented as the mean ± SD.

Cell invasion assay

The cell invasive capability was examined using 
a Cell Invasion Assay Kit (Merck Millipore, 
Darmstadt, Germany), following the manufac-
turer’s instructions. Complete media were first 
added to 24-well plates. The cells (2×105) in 
serum-free media were added to ECMatrix-
layered cell culture inserts (containing 8 μm 
pore size polycarbonate membranes) and cul-
tured for 24 hours. Before staining, the cells on 
the upper surface were removed. Inserts were 
then dipped in the Staining Solution to stain 
invaded cells on the lower surface of the mem-
branes. The cultures were photographed (100× 
magnification, with Leica DMIRB microscope), 
and the number of invaded cells was counted. 
The percentage of cell invasion was calculated 
by defining the number of invaded wild type 
cells as 100%. The assay was conducted 3 
times independently, and the results were pre-
sented as the mean ± SD.

Luciferase assay

Cells were seeded in triplicate in 6-well plates 
and cultured for 24 hours. Dual reporter plas-
mid (containing MFAP5 promoter, uses secret-
ed Gaussia luciferase as the promoter reporter 
and secreted alkaline phosphatase as the 
internal control for signal normalization) (Gene- 
Copoeia, Rockville, MD) were transfected into 
the indicated cells using TurboFectin transfec-
tion reagent (Thermo) according to the manu-
facturer’s recommendations. Culture media 
were collected to measure luciferase and alka-
line phosphatase signals 36 hours after trans-
fection using the Secrete-Pair Dual Luciferase 
Assay Kit (Genecopoeia) according to the man-
ufacturer’s protocol.

Animals

Male athymic 4-week-old BALB/c nude mice 
were obtained from the National Laboratory 
Animal Center, Taiwan. All experimental proce-
dures involving animals were approved by the 
Chi Mei Medical Center Animal Ethics Research 
Board (Approval No. 103121520).

Tumor cell inoculation for xenograft prolifera-
tion

To investigate KLF16 overexpression, nude 
mice were divided into 2 groups (5 mice/group) 
for tumor cell inoculation. The control and 
KLF16-overexpressing AGS cells (5×106) were 
mixed with 200 μL of Matrix gel (Corning, New 
York, NY, USA) and injected subcutaneously 
into the right hind flank. The mice were sacri-
ficed and photographed (with a CANON EOS 
800D camera, CANON, Tokyo, Japan) 6 weeks 
after inoculation. The tumors were then 
removed and weighed. To investigate KLF16 
knockdown, KLF16-knockdown and control 
HGC-27 cells were used for inoculation. The 
mice were sacrificed 6 weeks after 
inoculation.

Tumor cell inoculation for xenograft metastasis

The scrambled control and KLF16-knockdown 
HGC-27 cells were intraperitoneally injected 
into the mice (1×107 cells in 500 mL of 1× phos-
phate buffer saline, 5 mice/group). Mice were 
inspected every 2 days and killed 6 weeks after 
injection. Solid tumors were removed and 
examined.

Statistical analysis

The difference between KLF16 levels in tumor 
and nontumor tissues was analyzed using a 
paired t test. The differences in cell growth, 
migration, and invasion between control and 
KLF16-manipulated cells were examined using 
Student’s t tests. The correlation between 
KLF16 level and clinicopathologic features was 
analyzed using the χ2 test. Kaplan-Meier and 
log-rank tests were used to compare disease-
free and overall survival and to create survival 
curves based on high and low KLF16 immuno-
histochemical scores. Multivariate survival 
analysis was performed for all features indicat-
ed to be significant in univariate survival analy-
sis using the Cox proportional hazards model. 
All data were analyzed using SPSS version 24.0 
(IBM, Armonk, NY, USA). All statistical tests 
were 2-sided, and P < 0.05 was considered 
significant.

Results

The KLF16 levels in GC

First, KLF16 mRNA and protein levels in 8 gas-
tric cells were measured to clarify the involve-
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ment of KLF16 in the pathological process of 
GC. As shown in Figure 1A, KLF16 mRNA and 
protein levels were markedly higher in several 
GC cell lines (TMC-1, TSGH 9201, SK-GT-2, 
HGC-27 and 23132/87) than in Hs738.St/Int 
cells (quantification data are presented in 
Figure S1A). The KLF16 protein level in gastric 
tissues collected from a cohort of patients with 
GC was also measured and was found to be up-
regulated compared with in nontumor tissues 
(representative photos are shown in Figure 1B). 
Figure 1A also reveals that KLF16 levels are 
higher in tumor tissues than in nontumor tis-
sues (quantification data are presented in 
Figure S1B). As GC progresses, the level of 
KLF16 also increases. The results indicate that 
KLF16 level is increased in GC, especially in 
advanced-stage GC.

Associations of KLF16 expression with clini-
copathologic features and the survival of pa-
tients with GC

We further studied the association between 
KLF16 expression and clinicopathologic fea-
tures as well as the prognosis of patients with 
GC. Table 2 reveals that KLF16 level was signifi-
cantly associated with nodal status, distant 
metastasis, staging, degree of differentiation, 

and vascular invasion. Representative photos 
for these clinicopathologic features are pre-
sented in Figure 1C.

Furthermore, we found that patients with GC 
whose KLF16 levels were high exhibited shorter 
disease-free and overall survival than did those 
whose KLF16 levels were low (Figure 2A and 
2B). The results of univariate analysis indicated 
that KLF16 overexpression, depth of invasion, 
nodal status, distant metastasis, staging, and 
vascular invasion are prognostic biomarkers. In 
a multivariate analysis, KLF16 and distant 
metastasis were prognostically independent 
(Table 3). These data suggest that KLF16 may 
be in involved in GC pathogenesis.

Effect of KLF16 manipulation on cell growth 
and cell cycle progression

The HGC-27 cell line was selected because of 
its abundance of KLF16 to clarify the function 
of KLF16 in GC cell growth. KLF16-knockdown 
efficiency was confirmed through Western blot-
ting (Figure 3A) (quantification data are pre-
sented in Figure S2). Figure 3B reveals the col-
ony-forming ability of HGC-27 to be inhibited by 
KLF16 silencing (quantification data are pre-
sented in Figure S3A).

Figure 1. KLF16 expression in gastric cell lines and tissues. A. Endogenous KLF16 mRNA and protein expression 
were remarkably increased in GC cell lines and tissues. *denotes P < 0.05 compared with Hs738.St/Int. **denotes 
P < 0.01 compared with Hs738.St/Int cells. B. GC analyzed by immunohistochemistry with an antibody against 
KLF16. Left panel shows a non-tumor sample without KLF16 expression; middle panel shows a tumor sample with 
low KLF16 expression; right panel shows a tumor sample with high KLF16 expression. Magnification: 200×. C. The 
representative KLF16 staining for different clinicopathologic features. Magnification: 200×.
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Cell cycle progression was analyzed using flow 
cytometry, and the results indicated that KLF16 
silencing impaired the G0/G1-S transition of 
cell cycle progression (Figure 3C).

The AGS cell line was also selected because of 
its low KLF16 level to further clarify the func-
tion of KLF16 in GC cell growth. KLF16 overex-
pression was confirmed through Western blot-
ting (Figure 3A). Figure 3B reveals rev that 
more colonies were formed by KLF16-
overexpressing AGS cells (quantification data 
are presented in Figure S3B).

The cell cycle is controlled by various cyclins 
and CDKs. Cyclin and CDK levels were mea-
sured to evaluate the underlying mechanism of 
G0/G1 arrest caused by KLF16 abrogation. 
Figure 3D shows that the levels of cyclin E and 

CDK2, G1 phase regulators, were decreased in 
KLF16-knockdown HGC-27 cells. By contrast, 
the levels of cyclin B and CDK1, G2 phase regu-
lators, were unchanged (Figure 3D) (quantifica-
tion data are presented in Figure S4).

To assess the involvement of PI3K/AKT in 
KLF16-mediated cell growth and survival, we 
also investigated the effect of KLF16 silencing 
on the levels of PI3K and phosphor-AKT [26]. 
We found that PI3K and phospho-AKT levels 
were reduced in KLF16-silencing HGC-27 cells 
(Figure S5).

We measured the levels of various cyclins, 
CDKs, PI3K and phospho-AKT in KLF16-
overexpressing AGS cells to validate the data of 
HGC-27 cells. Figure 3D shows that cyclin E 
and CDK2 levels were increased in KLF16-

Table 2. Clinical features of GC patients according to high or low KLF16 expression

Variable n
KLF16 expression

P*

Score = 0 or 1 (n = 58) Score = 2 or 3 (n = 84)
Age 0.5131
    ≥ 66 95 37 58
    < 66 47 21 26
Gender 0.9386
    Male 96 39 57
    Female 46 19 27
Lauren classification 0.3008
    Intestinal 101 44 57
    Diffuse 41 14 27
Depth of invasion 0.3980
    T1 + T2 34 16 18
    T3 + T4 108 42 66
Nodal status 0.0004
    N0 45 28 17
    N1 + N2 + N3 97 30 67
Distant metastasis 0.0011
    Absent 128 58 70
    Present 14 0 14
Stage 0.0028
    I + II 62 34 28
    III + IV 80 24 56
Degree of differentiation 0.0033
    Poor 60 16 44
    Well to moderate 82 42 40
Vascular invasion 0.0185
    Absent 41 32 18
    Present 101 35 66
*All statistical tests were 2-sided. Significance level: P < 0.05.
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overexpressing AGS cells. However, the level of 
cyclin B remained unchanged (Figure 3D). In 

addition, the levels of PI3K and phospho-AKT 
were also increased (Figure S5). The data 

Figure 2. Survival analysis of GC patients stratified by KLF16 immunoreactivity. (A) shows the disease-free survival. 
Patients with high KLF16 expression had a 5-year disease-free survival rate of 18.2% compared with 64.1% for pa-
tients with low KLF16 expression. (B) shows the overall survival. Patients with high KLF16 expression had a 5-year 
disease-free survival rate of 6.0% compared with 55.6% for patients with low KLF16 expression. All statistical tests 
were 2-sided. Significance level: P < 0.05.

Table 3. Univariate and multivariate Cox regression analyses of prognostic biomarkers and survival in 
142 GC patients

Univariate Multivariate

Variable hazard ratio (95%  
confidence interval) P* hazard ratio (95%  

confidence interval) P*

KLF16 2.743 (1.597-4.709) < 0.001 1.872 (1.048-3.342) 0.034
    Low expression vs. High expression
Age 1.394 (0.826-2.353) 0.213
    ≥ 66 vs. < 66
Gender 0.721 (0.424-1.226) 0.227
    Male vs. Female
Lauren classification 1.194 (0.708-2014) 0.505
    Intestinal vs. Diffuse
Depth of invasion 3.541 (1.617-7.755) 0.002 1.581 (0.634-3.937) 0.326
    T1 + T2 vs. T3 + T4
Nodal status 4.348 (2.211-8.552) < 0.001 1.450 (0.526-3.995) 0.472
    N0 vs. N1 + N2 + N3
Distant metastasis 13.179 (5.387-32.239) < 0.001 7.536 (3.000-18.928) < 0.001
    Absence vs. Presence
Stage 4.464 (2.502-7.964) < 0.001 2.012 (0.810-4.998) 0.132
    I + II vs. III + IV
Degree of differentiation 0.680 (0.421-1.098) 0.115
    Poor vs. Well to moderate
Vascular invasion 2.872 (1.533-5.377) 0.001 1.308 (0.645-2.650) 0.457
    Absent vs. Present
*All statistical tests were 2-sided. Significance level: P < 0.05.
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Figure 3. Verification of KLF16 manipulation in HGC-27 and AGS cells, and the effect of stable KLF16 manipulation on cell growth, cell cycle distribution, and the 
expression of cell cycle control molecules in the cells. A. The Western blotting results indicate KLF16 was efficiently knockdown by shRNA treatment and overex-
pressed by transfection. B. Stable KLF16 knockdown and overexpression resulted in markedly decreased and increased colony formation, respectively. C. Stable 
KLF16 knockdown resulted in a sustained accumulation of cells in the G0/G1 phase. Cellular distribution (as percentages) in different phases of the cell cycle 
(G0/G1, S, and G2/M) is presented as the mean of 3 independent experiments. D. Stable KLF16 knockdown and overexpression clearly decreased and increased 
the expression of cyclin E and CDK2, respectively. WT: non-transduced or non-transfected cells; con: scrambled control or control vector-transfected cells; shRNA: 
KLF16-knockdown cells; KLF16: KLF16-overexpressing cells.
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reveal the function and mechanism of KLF16 in 
cell growth promotion.

Effect of KLF16 manipulation on cell migration 
and invasion

The associations between KLF16 level and 
nodal status, distant metastasis, and vascular 
invasion prompted us to study the effect of 
KLF16 manipulation on cell migration and inva-

sion. As indicated in Figure 4A, cell migration 
and invasion were suppressed in KLF16-kno- 
ckdown HGC-27 cells (quantification data are 
shown in Figure S6A and S6B).

EMT, which confers metastatic properties  
on cancer cells, involves β-catenin, E-cadherin, 
N-cadherin and Slug. Figure 4C shows that 
KLF16 abrogation repressed β-catenin, N-ca- 
dherin and Slug expression. E-cadherin level 
was discovered to be increased after KLF16 
knockdown.

To confirm the data of HGC-27 cells, cell migra-
tion and invasion assays were also performed 
for KLF16-overexpressing AGS cells. Figure 4B 
shows that cell migration and invasion were 
accelerated in KLF16 overexpression in AGS 
cells (quantification data are shown in Figure 
S6C and S6D). Moreover, KLF16 overexpres-
sion increased β-catenin, N-cadherin and Slug 
levels, and reduced E-cadherin level (Figure 
4C) (quantification data are presented in Figure 
S4). These results demonstrate the function 
and mechanism of KLF16 in promoting cell 
migration and invasion.

Regulation of MFAP5 by KLF16

To further understand the underlying mecha-
nism responsible for KLF16-regulated cell pro-

Figure 4. Effect of KLF16 manipulation in HGC-27 and AGS cells on cell spreading and the expression of EMT-related 
molecules. A. Stable KLF16 knockdown markedly decreased cell migration and invasion. B. Stable KLF16 overex-
pression obviously increased cell migration and invasion. C. Stable KLF16 manipulation resulted in the dysregulated 
expression of EMT-related molecules. WT: non-transduced or non-transfected cells; con: scrambled control or con-
trol vector-transfected cells; shRNA: KLF16-knockdown cells; KLF16: KLF16-overexpressing cells.

Table 4. Genes down-regulated in KLF16 
knockdown HGC-27 cells
Gene ID Log2 (fold change) P Significant

FHL1 -4.2052 0.0003 yes
LY6G5C -3.7204 0.0097 yes
KRT4 -3.3490 0.0085 yes
ACTA2 -3.2681 0.0001 yes
ACTG2 -3.2079 0.0015 yes
TINAGL1 -2.9013 0.0065 yes
MFAP5 -2.8964 0.0025 yes
HSD17B2 -2.8493 0.0003 yes
TNNC1 -2.7696 0.0009 yes
SRRM4 -2.6667 0.0011 yes
SAMD12 -2.6086 0.0005 yes
CAPN3 -2.5823 0.0035 yes
FOLR1 -2.5479 0.0001 yes
EGR1 -2.46811 0.0001 yes
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liferation, migration, and invasion and to iden-
tify the direct targets of KLF16, next-generation 
sequencing was employed in KLF16-knock- 
down HGC-27 cells. Table 4 lists down-regulat-
ed genes in KLF16-knockdown HGC-27 cells. 
The whole list of genes was shown in Table S1. 
Among the differentially expressed genes, 
MFAP5 attracted our attention and interest for 
its involvement in the Notch pathway. The 
MFAP5 level in 8 gastric cell lines was detect-
ed. Figure 5A indicates that the MFAP5 level 
was notably increased in TMC-1, SK-GT-2, HGC-
27, and 23132/87 cells. Western blotting was 
also used to measure MFAP5 expression in 
KLF16-overexpressing AGS cells (quantification 
data are presented in Figure S7A). Figure 5B 
shows that MFAP5 was increased in KLF16-
overexpressing AGS cells, suggesting a correla-
tion between KLF16 and MFAP5 expression 
(quantification data are presented in Figure 
S7B). A luciferase assay was performed to fur-
ther confirm the direct targeting relationship 
between KLF16 and the MFAP5 promoter. The 
results reveal that KLF16 overexpression sig-
nificantly increase luciferase activity associat-
ed with the MFAP5 promoter (Figure 5C). Th- 
ese data reveal a direct targeting relationship 

between KLF16 and the MFAP5 promoter. In 
addition to MFAP5, presenilin-1 and NICD 
expression were examined in KLF16-manipu- 
lated GC cells. Figure 5D indicates that the 
NICD and presenilin-1 levels were decreased in 
KLF16-knockdown HGC-27 cells but increased 
in KLF16-overexpressing AGS cells (quantifica-
tion data are presented in Figure S8). The 
results further confirm that KLF16 exerts its 
oncogenic function through regulation of the 
Notch pathway.

Repression of cell growth and induction of cell 
cycle arrest in KLF16-overexpressing AGS cells 
through MFAP5 abrogation

To test whether KLF16 overexpression-promot-
ed cell growth, migration and invasion can be 
reversed through knockdown of MFAP5, KLF16-
overexpressing AGS cells were infected with 
MFAP5 shRNA lentiviruses (Figure 6A) (quantifi-
cation data are presented in Figure S7C). Figure 
6B shows that KLF16-overexpressing MFAP5-
knockdown AGS cells formed fewer colonies.

Cell cycle progression was further analyzed, 
and the results indicated that MFAP5 knock-
down interferes with G0/G1-S transition in 

Figure 5. MFAP5, NICD and presenilin-1 expression in gastric cells and the relationship between MFAP5 and KLF16. 
A. MFAP5 protein expression was markedly increased in GC cells as compared with that in Hs738.St/Int cells. B. 
Stable KLF16 overexpression clearly increased the expression of MFAP5. C. There was a direct target relationship 
between MFAP5 and KLF16. **denotes P < 0.01 compared with the control. D. Stable KLF16 knockdown and over-
expression resulted in markedly decreased and increased expression of NICD and presenilin-1, respectively. WT: 
non-transduced or non-transfected cells; con: scrambled control or control vector-transfected cells; shRNA: KLF16-
knockdown cells; KLF16: KLF16-overexpressing cells.

http://www.ajcr.us/files/ajcr0113414supptabs.pdf
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Figure 6. Effect of MFAP5 knockdown in KLF16-overexpressing AGS cells on cell growth, cell cycle distribution, cell spreading and the expression of cell cycle-, 
EMT- and Notch-related molecules. (A) The Western blotting results indicate MFAP5 was efficiently knockdown by shRNA treatment. con: scrambled control cells. (B) 
Stable MFAP5 knockdown obviously decreased colony formation. (C) Stable MFAP5 knockdown resulted in a sustained accumulation of cells in the G0/G1 phase. 
(D) Stable MFAP5 knockdown markedly decreased the expression of cyclin (E) and CDK2. Stable MFAP5 knockdown clearly decreased cell migration and invasion. 
(F) Stable MFAP5 knockdown resulted in the dysregulated expression of EMT-related molecules. (G) Stable MFAP5 knockdown markedly decreased the expression 
of NICD and presenilin-1. WT: non-transduced cells; con: scrambled control cells; shRNA: MFAP5 knockdown cells.
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KLF16-overexpressing MFAP5-knockdown AGS 
cells (Figure 6C).

We next determine cyclin and CDK levels to 
explore the underlying mechanism of MFAP5 
silencing-caused G0/G1 arrest. Figure 6D illus-
trates the decrease in cyclin E and CDK2 levels 
in KLF16-overexpressing MFAP5-knockdown 
AGS cells. By contrast, the levels of cyclin B and 
CDK1 were unchanged (Figure 6D) (quantifica-
tion data are presented in Figure S9).

We also investigated the effect of MFAP5 
knockdown on the levels of PI3K and phospho-
AKT. PI3K and phospho-AKT levels were ob- 
served to be decreased in KLF16-overex- 
pressing MFAP5-knockdown AGS cells (Figure 
S10). These data suggest that KLF16 overex-
pression-promoted cell growth can be sup-
pressed through the knockdown of MFAP5.

The influence of MFAP5 knockdown on cell 
migration and invasion was also investigated. 
As indicated in Figure 6E, cell migration and 
invasion were suppressed in KLF16-overex- 
pressing MFAP5-knockdown AGS cells.

The levels of EMT-related molecules were fur-
ther detected, and the data indicated that 
MFAP5 knockdown reduced β-catenin, N-cad- 
herin, and Slug levels (Figure 6F) (quantifica-
tion data are presented in Figure S9). 
Up-regulated expression of E-cadherin was 
detected after MFAP5 knockdown. The data 
reveal that KLF16 overexpression-promoted 
migration and invasion can be repressed 
through MFAP5 knockdown.

Furthermore, as shown in Figure 6G, NICD and 
presenilin-1 expression was decreased in 
KLF16-overexpressing MFAP5-knockdown AGS 
cells (quantification data are presented in 
Figure S9). These results further confirm that 
KLF16 overexpression-activated Notch path-
way can be suppressed through MFAP5 
knockdown.

To rule out the possibility that KLF16 and 
MFAP5 can act at two parallel pathways to reg-
ulate cell proliferation, migration and invasion, 
we compared control AGS, MFAP5-knockdown 
AGS, KLF16-overexpressing AGS and KLF16 
overexpressing, MFAP5-knockdown AGS. The 
results indicate that KLF16 overexpression pro-
motes cell proliferation, migration and invasion 

while knockdown of MFAP5 abolishes the effect 
of KLF16 overexpression on cell proliferation, 
migration and invasion (Figure S11).

Effect of KLF16 manipulation on xenograft 
proliferation and metastasis

The in vitro data suggest an oncogenic role of 
KLF16 in vivo. Figure 7A shows that 6 weeks 
after inoculation, the weight of scrambled con-
trol tumors was 2.8-fold higher than that of 
KLF16-knockdown tumors. Furthermore, the 
mitotic index, as indicated by Ki67 staining, 
was decreased in KLF16-knockdown tumors 
(Figure S12A).

To validate the data from KLF16-knockdown 
tumors, the same experiments were also per-
formed for KLF16-overexpressing tumors. 
Figure 7B shows that the weight of KLF16-
overexpressing tumors was 2.9-fold higher 
than that of vector control tumors. Moreover, 
the mitotic index was increased in KLF16-
overexpressing tumors (Figure S12B). The 
results demonstrate the function of KLF16 in 
promoting tumor growth.

We subsequently studied the in vivo effect of 
KLF16 silencing on metastasis. Six weeks after 
the intraperitoneal injection, tumors in the 
mesentery and abdominal cavity were more 
numerous and larger in the control group than 
in the KLF16-knockdown group (Figure 7C). 
These data suggest that KLF16 has a function 
in the promotion of tumor metastasis.

Reversal of KLF16-promoted GC tumor growth 
through MFAP5 silencing

Finally, an animal study was conducted to vali-
date the effects of MFAP5 knockdown on 
KLF16-promoted tumor growth. Figure 7D 
shows that the weight of KLF16-overexpressing 
MFAP5 scrambled control tumors was 5-fold 
higher than that of KLF16-overexpressing 
MFAP5-knockdown tumors. The data reveal 
that abrogating MFAP5 suppresses KLF-
promoted tumor growth.

Our results suggest that KLF16 promotes prolif-
erative and metastatic signals in GC cells 
through the Notch signaling pathway (Figure 8). 
Overexpressed KLF16 up-regulates MFAP5, 
which in turn activates the non-canonical Notch 
pathway. NICD, generated through Notch path-
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Figure 7. The effect of stable KLF16 manipulation in HGC-27 and AGS cells on in vivo tumor growth and metastasis in nude mice. A. Stable KLF16 knockdown re-
sulted in the significant suppression of HGC-27 xenograft proliferation. The bar graph represents the results of the average tumor weight (presented as the mean ± 
SD, *P < 0.05). B. Stable KLF16 overexpression resulted in the significant enhancement of AGS xenograft proliferation. The bar graph represents the results of the 
average tumor weight (presented as the mean ± SD, *P < 0.05). C. Stable KLF16 knockdown resulted in the obvious suppression of HGC-27 xenograft metastasis. 
Peritoneal dissemination was recognized from the tumor nodules visualized in the abdominal cavity and mesenterium. The upper pictures show the peritoneal 
disseminations and the lower pictures show the dissected tumor nodules. Arrows in the pictures indicate the tumors developing peritoneal metastasis. D. Stable 
MFAP5 knockdown resulted in the significant suppression of KLF16-overexpressing AGS xenograft proliferation. The bar graph represents the results of the average 
tumor weight (presented as the mean ± SD, *P < 0.05). WT: non-transduced or non-transfected cells; con: scrambled control or control vector-transfected cells; 
shRNA: KLF16-knockdown cells; KLF16: KLF16-overexpressing cells.



Krüppel-like factor 16 is a prognostic biomarker for gastric cancer

2731 Am J Cancer Res 2021;11(6):2717-2735

way activation, promotes cell proliferation by 
increasing the number of cell cycle-related mol-
ecules through up-regulation of PI3K/phospho-

Similar to the findings of other studies, our find-
ings indicated that KLF16 levels are increased 
in GC tissues and cells. Until now, the underly-

Figure 8. Model for the effects of KLF16 overexpression in GC. We propose 
a model in which KLF16 transcriptionally up-regulates MFAP5, which in turn, 
leads to an activation of the Notch pathway. Activation of Notch pathway, 
followed by augmentation of PI3K and phospho-AKT, increased cell cycle-
related gene expression resulting in GC cell growth. Activation of the Notch 
pathway also increases EMT-related gene expression resulting in GC cell mi-
gration and invasion.

AKT levels. NICD also pro-
motes cell spreading by in- 
creasing the number of EMT-
related molecules. The inhibi-
tion of KLF16 can suppress 
KLF16-promoted cell prolifer-
ation, migration, and inva-
sion; the inhibition of MF- 
AP5 can compromise KLF16 
overexpression-promoted ce- 
ll proliferation, migration, and 
invasion.

Discussion

GC remains a prevalent can-
cer with high incidence and 
mortality rates, and it is a 
leading cause of cancer-relat-
ed mortality worldwide [1]. 
Owing to distant metastasis, 
patients with advanced GC 
have fewer opportunities for 
surgery and shorter survival 
times than do patients with 
early GC [27, 28]. Many stud-
ies have demonstrated that 
GC emerges when molecular 
and genetic alterations accu-
mulate in gastric epithelia 
[29]. The identification of 
underlying molecular mecha-
nisms has benefitted GC 
prognosis and therapy, and 
the identification of molecu-
lar biomarkers associated 
with the prognostic and ther-
apeutic targets of GC is 
urgently required.

Studies on the expression of 
KLF16 in cancers are scarce 
and inconsistent. Zhang et al. 
and Ma et al. have shown that 
KLF16 is overexpressed in 
glioblastoma and GC [15, 30]. 
By contrast, Chen et al. dem-
onstrated that KLF16 expres-
sion is decreased in glioma 
[14]. In this study, we further 
established KLF16 levels in 
gastric tissues and cells. 
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ing mechanism of KLF16 up-regulation has 
remained mostly unknown. KLF16 was revealed 
to be overexpressed in glioblastoma and was 
targeted by miR-185-5p. Moreover, RNCR3 
overexpression increased KLF16 levels through 
the inhibition of miR-185-5p expression [30]. 
Further studies are required to understand the 
underlying mechanism of KLF16 up-regulation.

Many members of the KLF family control cell 
proliferation. For example, KLF5 promotes cell 
proliferation by accelerating cells’ passage 
through G1/S and G2/M phases of the cell 
cycle. Further investigation indicates that KLF5 
targets cyclin D1, cyclin B1, and Cdc2 to pro-
mote cell cycle progression [31, 32]. Ectopic 
expression of KLF8, a mediator of focal adhe-
sion kinase signaling, promotes cell cycle pro-
gression through activation of the cyclin D1 pro-
moter [33]. KLF16 silencing increases p21 
expression and reduces CDK4 expression in 
GC cell lines and, thereby markedly repressing 
cell proliferation. However, in glioma, KLF16 
overexpression reduces cyclin D1 and cyclin E 
expressions, thereby reducing cell proliferation 
[14]. Research conducted by Fernandez-Zapico 
et al. also showed that KLF16 inhibits the ability 
of cancer cells to proliferate in vitro and in vivo 
[34]. In the present study, we investigated the 
function of KLF16 in cell growth through the 
manipulation of KLF16 expression. KLF16-
overexpressing cells formed more colonies 
than did KLF16-knockdown cells, indicating 
that KLF16 can promote cell proliferation. 
KLF16-knockdown cells formed fewer colonies 
as a result of KLF16 knockdown-induced G0/
G1 arrest. The Western blotting data of various 
cyclins and CDKs also indicated KLF16 knock-
down-induced G0/G1 arrest. The levels of cyclin 
E and CDK2, but not those of cyclin B and 
CDK1, were observed to increase when KLF16 
levels increased. In relation to regulation of the 
expression of cell cycle-related molecules by 
KLF16, Chen et al. found that in glioma, KLF16 
overexpression reduces cyclin D1 and cyclin E 
expression through the direct targeting of mito-
chondrial transcription factor A and that the 
elevation of mitochondrial transcription factor 
A abrogated the effects of KLF16 overexpres-
sion on cyclin D1 and cyclin E expression [14]. 
Molecular studies conducted by Fernandez-
Zapico et al. demonstrated that these effects 
by KLF16 are mediated by the silencing of cyclin 
A through binding to its promoter and subse-
quent cell cycle arrest in S phase [34]. In the 

current study, when KLF16 was silenced, 
MFAP5 level was decreased; accordingly, cyclin 
E and CDK2 levels were down-regulated, caus-
ing G0/G1 cell cycle arrest. The Notch pathway 
is known to exhibit cross talk with other onco-
genic pathways such as the PI3K/AKT pathway 
[35, 36]. We further found that when KLF16 
was silenced, MFAP5 level decreased and the 
expression of PI3K and phosphorylation of AKT 
was inhibited. To the best of our knowledge, 
this is the first study to investigate the interac-
tion between KLF16 and the Notch signaling 
pathway. Our conclusions are consistent with 
and extend those of another study also per-
formed on patient with GC. Our data indicate 
that KLF16 can be a tumor suppressor gene or 
an oncogene, depending on the context.

Statistical analysis results revealed clinico-
pathologic correlations between KLF16 level 
and nodal status, distant metastasis, and vas-
cular invasion and prompted us to study the 
roles of KLF16 in cell migration, invasion, and 
EMT. A review article published by Tetreault et 
al. stated that KLF5 can inhibit EMT in breast 
cancer cells through the up-regulation of 
E-cadherin, can reverse EMT in hepatocellular 
carcinoma cells through the repression of Slug, 
and undergoes down-regulation by Snail in 
colon cancer cells [11, 12, 37, 38]. KLF4 is 
another negative regulator of EMT and metas-
tasis through the regulation of EMT-related 
genes such as E-cadherin and vimentin [39]. By 
contrast, KLF8 enhances breast cancer cell 
invasion and metastasis through the transcrip-
tional suppression of E-cadherin and transacti-
vating matrix metalloproteinase 9 [40, 41]. The 
roles of KLF16 in cell migration, invasion, and 
EMT remain unknown. This study found that 
KLF16 levels in GC cells are positively correlat-
ed with β-catenin, N-cadherin, and Slug levels 
and negatively correlated with E-cadherin level. 
Furthermore, the effects of KLF16 manipula-
tion on cell migration and invasion were exam-
ined. The results suggest that KLF16 could 
increase the expressions of EMT-related mole-
cules, followed by its facilitation of cell migra-
tion and invasion. This explains why the up-reg-
ulation of KLF16 is associated with nodal sta-
tus, distant metastasis and vascular invasion. 
This is the first study is to investigate the 
KLF16/Notch/EMT axis.

No accurate biomarkers are currently known 
for the early diagnosis and prognosis of GC. 
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Most patients are diagnosed at advanced stag-
es. Owing to the unsatisfactory prognosis for 
patients with GC, the key molecular mechanism 
of GC development must be identified to 
improve early diagnosis and personal treat-
ment strategies for the disease [42]. Some 
research has studied the prognostic effects of 
KLFs on GC: Wang and his colleagues demon-
strated that KLF2 level was decreased in GC. 
Moreover, down-regulated KLF2 expression in 
GC was closely correlated with patients’ surviv-
al [43]. Mao et al. showed that KLF8 expression 
was significantly increased in GC tissues com-
pared with adjacent normal tissues, and high 
KLF8 expression was correlated with inferior 
prognosis [44]. The current study identified a 
correlation between KLF16 up-regulation and 
poor patient survival and is the first study to 
recognize the possibility of KLF16 as a prog-
nostic biomarker for GC. The current data also 
revealed that in patients with advanced GC, 
KLF16 is correlated with poor disease-free sur-
vival. Hence, patients with advanced GC should 
be followed up intensively.

Collectively, KLF16 promotes the tumorigene-
sis of GC, which is related to the activation of 
the Notch pathway, leading to significantly poor 
prognoses in patients with GC. Our findings 
also suggest that therapeutic strategies target-
ing KLF16 may provide effective treatments for 
GC.
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Figure S1. The quantification data of KLF16 protein expression in gastric cells and tissues. A. KLF16 protein levels 
were significantly increased in TMC-1, TSGH 9201, SK-GT-2, HGC-27 and 23132/87 cells. *denotes P < 0.05 com-
pared with Hs738.St/Int cells; **denotes P < 0.01 compared with Hs738.St/Int cells. B. KLF16 protein levels were 
significantly increased in GC tissues. **denotes P < 0.01 compared with non-tumor tissues.

Figure S2. The quantification data of KLF16 protein expression in KLF16 knockdown and overexpressing GC cells. 
Stable KLF16 knockdown and overexpression significantly decreased and increased the expression of KLF16. 
**denotes P < 0.01 compared with the con cells. WT: non-transduced or non-transfected cells; con: scrambled 
control or control vector-transfected cells; shRNA: KLF16-knockdown cells; KLF16: KLF16-overexpressing cells.
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Figure S3. The quantification data of colony formation assay to show the effect of stable KLF16 manipulation on cell 
growth. A. Stable KLF16 knockdown results in significantly decreased OD540. The bar graph represents the OD540. 
**denotes P < 0.01 compared with the control. B. Stable KLF16 overexpression results in significantly increased 
OD540. **denotes P < 0.01 compared with the control. WT: non-transduced or non-transfected cells; con: scram-
bled control or control vector-transfected cells; shRNA: KLF16-knockdown cells; KLF16: KLF16-overexpressing cells.

Figure S4. The quantification data of cell cycle- and EMT-related protein expressions in KLF16 knockdown and over-
expressing GC cells. Stable KLF16 knockdown significantly decreased the expressions of cyclin E, CDK2, β-catenin, 
N-cadherin and Slug and increased the expression of E-cadherin. Stable KLF16 overexpression significantly in-
creased the expressions of cyclin E, CDK2, β-catenin, N-cadherin and Slug and decreased the expression of E-cad-
herin. *denotes P < 0.05 compared with the con cells; **denotes P < 0.01 compared with the con cells. con: scram-
bled control or control vector-transfected cells; shRNA: KLF16-knockdown cells; KLF16: KLF16-overexpressing cells.
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Figure S5. The effect of stable KLF16 manipulation on PI3K and phospho-AKT levels in GC cells. Stable KLF16 
knockdown and overexpression significantly decreased and increased the levels of PI3K and phospho-AKT, respec-
tively. con: scrambled control or control vector-transfected cells; shRNA: KLF16-knockdown cells; KLF16: KLF16-
overexpressing cells. *denotes P < 0.05 compared with the con cells; **denotes P < 0.01 compared with the con 
cells. con: scrambled control or control vector-transfected cells; shRNA: KLF16-knockdown cells; KLF16: KLF16- 
overexpressing cells.
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Figure S6. The quantification data of wound-healing and cell invasion assays to present the effect of stable KLF16 
manipulation on cell spread. Stable KLF16 knockdown significantly decreased cell migration (A) and invasion (B). 
The bar graph represents the number of migrated and invaded cells relative to the control group (%, presented as 
the mean ± SD, **P < 0.01). Stable KLF16 overexpression significantly increased cell migration (C) and invasion 
(D). The bar graph represents the number of migrated and invaded cells relative to the control group (%, presented 
as the mean ± SD, **P < 0.01). WT: non-transduced or non-transfected cells; con: scrambled control or control 
vector-transfected cells; shRNA: KLF16-knockdown cells; KLF16: KLF16-overexpressing cells.
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Figure S7. The quantification data of MFAP5 protein expression in gastric cells. A. KLF16 protein levels were signifi-
cantly increased in TMC-1, TSGH 9201, SK-GT-2, HGC-27 and 23132/87 cells. *denotes P < 0.05 compared with 
Hs738.St/Int cells; **denotes P < 0.01 compared with Hs738.St/Int cells. B. Stable KLF16 overexpression signifi-
cantly increased the expression of MFAP5 in AGS cells. **denotes P < 0.01 compared with the con cells. C. Stable 
MFAP5 knockdown significantly decreased the expression of MFAP5 in KLF16-overexpressing AGS cells. **denotes 
P < 0.01 compared with the con cells. WT: non-transfected cells; con: control vector-transfected or scrambled con-
trol cells; KLF16: KLF16-overexpressing cells; shRNA: MFAP5-knockdown cells.
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Figure S8. The quantification data of NICD and presenilin-1 protein expressions in KLF16 knockdown and overex-
pressing GC cells. Stable KLF16 knockdown and overexpression significantly decreased and increased the expres-
sions of NICD and presenilin-1. *denotes P < 0.05 compared with the con cells; **denotes P < 0.01 compared with 
the con cells. con: scrambled control or control vector-transfected cells; shRNA: KLF16-knockdown cells; KLF16: 
KLF16-overexpressing cells.

Figure S9. The quantification data of cell cycle-, EMT- and Notch-related protein expressions in MFAP5-knockdown, 
KLF16-overexpressing AGS cells. Stable MFAP5 knockdown significantly decreased the expressions of cyclin E, 
CDK2, β-catenin, N-cadherin, Slug, NICD and presenilin-1 and increased the expression of E-cadherin. Stable 
MFAP5 overexpression significantly increased the expressions of cyclin E, CDK2, β-catenin, N-cadherin, Slug, NICD 
and presenilin-1 and decreased the expression of E-cadherin. *denotes P < 0.05 compared with the con cells; 
**denotes P < 0.01 compared with the con cells. con: scrambled control cells; shRNA: MFAP5-knockdown cells.
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Figure S10. The effect of stable MFAP5 knockdown on PI3K and phospho-AKT levels in KLF16-overexpressing AGS 
cells. Stable MFAP4 knockdown markedly decreased the levels of PI3K and phospho-AKT. con: scrambled control 
cells; shRNA: MFAP5-knockdown cells. **denotes P < 0.01 compared with the con cells. con: scrambled control 
cells; shRNA: MFAP5-knockdown cells.

Figure S11. Effect of MFAP5 knockdown in control and KLF16-overexpressing AGS cells on cell growth and spread-
ing. A. Stable MFAP5 knockdown obviously suppressed the cell proliferation of KLF16-overexpressing AGS cells, but 
not control AGS cells. B. Stable MFAP5 knockdown obviously suppressed the cell migration of KLF16-overexpressing 
AGS cells, but not control AGS cells. C. Stable MFAP5 knockdown obviously suppressed the cell invasion of KLF16- 
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overexpressing AGS cells, but not control AGS cells. WT: non-transduced cells; con: scrambled control cells; shRNA: 
MFAP5 knockdown cells. con: scrambled control or control vector-transfected cells; KLF16: KLF16-overexpressing 
cells.

Figure S12. The effect of stable KLF16 manipulation in HGC-27 and AGS cells on Ki67 expression in xenografts of 
nude mice. A. Stable KLF16 knockdown resulted in a significant decrease of Ki67 expression in xenografts, exam-
ined by immunohistochemistry. Magnification: 200×. B. Stable KLF16 overexpression resulted in a significant in-
crease of Ki67 expression in xenografts, examined by immunohistochemistry. Magnification: 200×. con: scrambled 
control or control vector-transfected cells; shRNA: KLF16-knockdown cells; KLF16: KLF16-overexpressing cells.


